This study has been carried out to clarify the interactions between metals and molten salts. As one of a series of researches on mixtures of metals with molten salts, the electrical conductivity of salt-rich solutions of silver in molten bismuth trichloride has been measured. For this system, when silver is dissolved into molten bismuth trichloride, the following reaction is considered:
chloride. After filtration the precipitates were burned in a crucible and then dissolved in nitric acid to form silver nitrate. This silver was titrated with potassium thiocyanate, according to the Volhard method, using ferric ammonium sulfate an an indicator.
III. Experimental Results and Discussion
For the silver and bismuth trichloride system, a phase diagram has been proposed by Sokolowa(8) ; that is, below 10 at%Ag there is a monophase, i.e. a saltrich phase containing Ag, and when the Ag-content exceeds 10 at%, a metallic bismuth phase appears. It can be considered that the following reaction occurs when silver dissolves into molten bismuth trichloride:
(1) But metallic Bi has not been found in the region of less than 10 at% Ag, according to its diagram. In the range below this composition Ag dissolves into molten BiCl3. The electrical conductivity was measured for the solution of this monophase region in the tempera-
The values of specific conductivity of the Ag-BiCl3 solution are given in Table 1 , in which the composi- Table 1 Specific conductivities of Ag-BiCl3 solutions.
ductivity of the Ag-BiCl3 solution is shown in Fig. 1 as a function of composition over the various temperature ranges. As shown in this figure, the specific conductivity increases almost linearly with Ag content in each temperature range. Moreover, the slope increases as the temperature increases.
In the lower temperature range, therefore, the curves are nearly convex, while in the higher temperature range they The specific conductivity is plotted in Fig. 2 It can be seen from Fig. 2 that the higher the metal content, the larger the conductivity of this system, and this relation is also found in the Sn-molten BiC13 system, but a reversed relation is found in the Bi-molten BiC13 system. The logarithm of the specific conductivity is plotted in Fig. 3 against the reciprocal of absolute temperatures in the salt-rich region of the Ag-BiCl3 system. In Fig. 5 The molar conductance is a product of specific conductivity and molar volume. That is,
where V is the molar volume and is defined on the basis of the concentrations of metal and salt. Thus, 
where M is the molecular weight, X is the mole fraction, m and s are silver and bismuth trichloride, re- (10) salt. Of course, the density of the solution would increase as the metal content increases, but in the salt-rich region this assumption is probably reasonable because the the present study dealt with only the region of less than 10 at % metal contents.
According to Grantham, the excess molar conductance, Aex, which is the molar conductance of the solution after subtraction of the ionic contribution of BiCl3, Asait, is given by (6) (5) where the ionic contribution is assumed to be relatively constant in the composition ranges investigated. This excess molar conductance would be useful as a measure, excepting the cases of ionic conduction. In the present experiment the temperature coefficients of conductivity were positive for all the regions and no metallic conduction was observed. However, from the large increase in conductivity with metal content (e.g., Fig. 1 ) and the exponential dependence of conductivity on the concentration of metal, a mechanism by the electron exchange between two cations can be proposed. Such a mechnism has heretofore been proposed to explain results on the conductivity of Bi-BiI3(5), Bi-BiBr3 and Bi-BiCl3(6) systems or in some other solutions.
When silver dissolves in molten bismuth trichloride, silver enters into the solution as a monovalent ion and the trivalent bismuth ion is reduced to a lower valent ion. In the Bi-BiX3 system this lower valent ion is identified as monovalent, but in the Ag-BiC13 system there are no magnetic susceptibility data and the ionic species contained in the solution are unknown. However, the solution becomes a mixture of silver chloride and bismuth-rich bismuth trichloride solution when silver dissolves into molten bismuth ions will be considered to be trivalent and monovalent, between which the electron exchange will occur.
By the electron transfer model the electronic conductivity is essentially a function of the average distance between adjacent cation pairs, R, which is defined as (6) where N is Avogadro's number. Fig. 7 shows a typical plot of the log Aex as a function of R at several temperatures for the Ag-BiCl3 system. In the range of R values, lower than 5.0A (more than 13.50mol%
for the Ag-BiCl3 system appears to be an exponential function of R in agreement with the electron transfer model. Namely it is found that when Ag dissolves into molten BiCl3, the electron transfer is easy to appear even in the chloride system. In the range of R values larger than 5.0A (lower than 13.50 mol% Ag content) the deviation from linearity occurs because in these dilute solutions the ionic conductivity becomes predominant and Eq. (5) are no longer applicable. The same thing is true in the range of lower temperatures, where many polymers such as Bi4C14 species are present and consequently the conduction through these species are substantially large. Fig. 7 Loglo (the excess molar conductivity vs the) average distance between exchanging sites in the silver-bismuth trichloride systems.
It has been reported that the excess molar con- can be calculated to be 11.5kcal/mol, which is a little smaller than the bond energy of Bi-Cl. In the Bi-BiCl3 system the applicability of electron hopping model is restricted to some extent because of the limited solubility, but when Ag dissolves into molten BiCl3, it seems that this model can be applied even in the chloride system.
IV. Summary
Investigations have been made on the interactions between the silver and molten bismuth trichloride systems. The electrical conductivities were measured by the alternating current method with a capillary cell and the results obtained are as follows:
(1) The specific conductivity in the Ag-BiCl3 system increases almost linearly with increasing Ag-content and the higher the temperature, the larger the slope.
(2) The specific conductivity exponentially depends on the concentration of metal.
(3) The lowering of the specific conductivity as in the Sn-BiC13 system was not observed in the Ag-BiCl3 system. This indicates the absence of complexes in the Ag-BiCl3 system, which makes electrons move easily from one cation site to the other.
(4) These behaviors have been explained by the electron hopping model in the ranges of higher metal contents and temperatures.
(5) In the ranges of lower metal contents and temperatures the ionic conductance is predominant.
